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ABSTRACT: The objectives of this study were to ile-
terruine if percentage Bos taurus (0 or 50%) of the cow
had an effect on ME requirements and milk production.
and to compare cow/calf efficienc y among 3 mating
systems. Metabolizable energy requirements were esti-
mated during a feeding trial that encompassed a ges-
tation and lactation feeding trial for each of 2 groups
of cows. Cows were 0 or 50% Bos taurus (100 or 50(Yc.
Nellore) breed type: Nellore cows (NL; n = 10) mated
to Nellore bulls, NL cows (ri = 9) mated to Angus bulls,
Angus x Nellore (ANL; n = 10) and Siiriinental x '\( , I-
lore (SNL; ii = 10) cows mated to Canchini (5/8 Cliaro-
lais 3/8 Zebu) bulls. Cows were individually fed a total
mixed diet that contained 11.3% CP and 2.23 Meal of
ME/kg of DM. At 14-d intervals, cows and calves were
weighed and the amount of DM was adjusted to keep
shrunk BW and BCS of cows constant. Beginning at 38
d of age, corn silage was available to calves ad libitum.
Milk production at 42, 98. 126, and 180 d postpartum
was measured using the weigh-suckle-weigh technique.
At 190 d of age, calves were slaughtered and body com-
position estimated using 9-10-11th-rib section to oh-

tam energy deposition. Regression of B\V change on
daily ME intake (MET) was used to estimate MEl at
zero BW change. Increase in percentage Dos taurus had
a significant effect on dail y ME requirements (Mcal/d)
during pregnancy (P < 0.01) and lactation (P < 0.01).
Percentage Bos taurus had a positive linear effect on
maintenance requirements of pregnant (P = 0.07) and
lactating (P < 0.01) cows; during pregnancy, the ME
requirements were 91 and 86% of those in lactation
(131 + 3.5 vs. 145 -L 3.4 Mcalkg°' . d') for the 0 and
50% B. taurus groups. respectively. The 50% B. tau-
VUS cows, ANL and SNL, suckling crossbred calves had
greater total MET (4,319 ± 61 Meal: P < 0.01) than 0%
B. taurus cows suckling NL (3,484 + 86 Meal) or ANL
calves (3,600 + 91 Meal). The 05'c, B. taurus cows suck-
ling ANL calves were more efficient (45.3 ± 1.6 g/Mcal;
P = 0.03) than straightbreci NL (35.1 + 1.5 g/Mcal)
and ANL or SNL pairs (41.0 ± 1.0 g/Mcal). Under the
conditions of this study. crossbreeding unproved cow/
call efficiency and showed an advantage for cows that
have lower energy reqiureinents.
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INTRODUCTION

The output of the cow/calf enterprise is a function
of weaning weight and the number of calves weaned
(Dickerson, 1970). Weaning weight is an iniportant
trait and caim be increased by crossbreeding programs
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(Short et al.. 1996) utilizing different Dos taurus x Bos
indicus crosses. Ferrell and Jenkins (1984). Solis et al.
(1988). and Montaño-Bermudez et al. (1990) showed
that breeds with greater milk production potential, as-
sociated with greater weaning weights, also had greater
maintenance needs than breeds with lower milk produc-
tion potential.

Maintenance requirements of cows represent approxi-
mately 50% of the total energy requirements for beef
production (Ferrell and Jenkins, 1984). At restricted
feed availability, breeds with greater maintenance re-
quirements could have reduced performance relative to
breeds with less maintenance requirements, resulting
in reduced feed efficiency (Frisch and Vercoe, 1978).
Green et al. (1991) reported that, the most efficient
system was represented by cows with less B\V and dc-
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creased utailitenance energy requirenients. Beef produc-
tion in Brazil (165 iiiillion cattle), as well as in other
tropical and subtropical countries, is conducted mainly
in extensive systems where feed availabilit y is limited.
In Brazil almost 80% of beef cattle are represented by
Zebu breeds (most Iv "ellore) and its crosses. Studies
reporting nutrient requirements and efficienc y of cows
from tropically adapted breeds are scarce. Research in
this area is important to provide data that more closely
niatcites cow genetics with their enviromimmient and pro-
ductioii svstemii.

The objectives were to est iiliate energy requirements
and milk production of stmaightbred NellOr(' and Con-
tinental/British x Nellore crosses: and compare cow/
calf efficiem ic y aniong 3 mat big s ystems (straight 1 )red
Nellore cow/calf pair. Nellore cows suckling Angus x
Nellore calves, and crossbred cows sueldim ig crossbred
calves).

MATERIALS AND METHODS

All procedures \vit Ii aninials were conducted accord-
ilig to the Lhiiversitv of Sao Paulo ethical st aiidam'ds es-
tablished by the College of Agriculture Research ( urn-
mission.

Animals and Management

The study was conducted at Emnhrapa (São Carlos.
SP, Brazil) from October 2005 to October 2006. The
cows produced for this stud y were froni the same Nd-

lore breeding herd, where Nellore (lallis were mated by
natural service to Nellore hulls or artificiall y insemi-
nated to Aberdeen Angus or Sirnmnental bulls. The sires
were represented by 6 Angus. 8 Sinnuental. and 7 Nel-
lore.

Twenty mature cows for each group of preemit age
Bos taunts, Nellore (NL: 0 >/ Bos taoi>zs) cows and An-
gus or Siiiiiiiemital x Nellore (ANL or SNL: 5OVc Bos
taurus) cows, were sampled for use iii the st tid y. The
50% B. taut-us cows were tiiated by Al to Camiclumn (5/8
Charolais 3/8 Zebu) bulls (n = 3). whereas the 0'X B.
taurus females were mated by Al to NL (n - 4) 01

Al )erdeen Angus (n - 2) bulls during fit( , fall breeding
season. li'oui April to June 2005. As a result we had 2
groups of cows (0 or 50% Bos taurus) and 3 mating sys-
ten)s: straightbred NL cows with NL calves. NL cows
suckling ANL calves, and ANL or SNL cows suckling
crossbred calves (CC). The first s ystem represents a
low-input pair adapted to a challenging environnient..
The second system uses crossbreedin g wit It a low-input
cow and a high-growth-potential calf. The last sstem
uses crosshreedimig wit Ii high genetic pot (mit ials for
growth in both the cows and calves.

Cows were kept on pasture and received a niimicral-
ized salt, fed at a rate of 65 g-cow . At the begin-
lung of the experirnemit, the cows were 60 ± 1.3 nb of
age and with their third calf.

Table 1. Composition of time experimental diets fed (oil
11 DM basis) (luring gestation (189 to 263 d after mat-
im)g) and lactation (190-d illirsimig period)

11(11!

Iii it
( 1 0r11 silage	 13.7
S&>i't>>iiii Ililat	 .1.6
Lot
1\lmel'al Salt!It)

N ut riunt ('Ulilj)( 01 till
\IF,, 2 Mcal/k4	 2.23
cia . g (aliab'z'(l)	 11.3

1 . lh (/t, WX F. 15' Mg. 0.53' Zn. 0.13/ \Jii, (),3/ F'> , . 02/ (ii.
10)) mg/kg of' Co,I n iiig/kg if 1. 43 iiig j kg of 51' on a DM basis
(Sid1'(' 90. Feriihrio.Araraqiiara. SF. Brazil).

J'rumn 'rDN t'stiiiiiil i'd Lv \\'>'j, ii id.	 19112) usim ,  NI 11" ligi.t)oii
('o('fh('ielit - 1.

Gestation. 1' lie trial  \vas conducted front Oct ol icr
19, 2005, to \Jarch 2. 2006. Calves were weaned approx-
imnately 248 (I before initiation of the gestation study.
At 189 + 11 (1 after imiatimig, cows were distributed in
individual pc1 mis with ad lihitumn access to water and
received a total mixed (bet (Table 1) containing 11.3/(,
CP and 2.23 Meal/kg of DM. The ME content of the
diet was calculated from the TDN concentration, which
was clst i m l m tbted according to the equation of Weiss et
al (1992). using 0.85 as the rate of degradation of time
potentiall y digestible NDF. Cows were fed dail y at 0800
Ii. Tlit DM	 miof Iced was deternued weekly. Orts were
collected dail. weighed, and sammipled. and at time end
of the trial, a composite sammiple per cow was prepared
and analyzed for DN[. NDF. ADF. hignin, ash. ether
extract, Cl. NDIN. and ADIN. Cows were weiglietl at
I . l-d imitervals alter a 16-li shrink. Cow BC1S (1 to 9
scale: Fox et al, 1992) was evaluated by 2 trained eval-
uators at fist and last B\V. Cow shrunk BW (SBW/)
was defined as full 13W mniimus estumiated weight. of the
gravid uterus calculated b y the equation of Ferrell et al.
(1976) as reported b Freetiv et al (2005).

At the start of the trial. mnaimitemmamice ME require-
mmiemmts (ME 111 ) were esti nated according to NRC (1996).
Based oil the variation of SB\V during the trial, the
ammiommimt of feed provided to eicli cow was adjusted to
mnaimitaimi SBW. The energy requirements for pregnancy
(comiceptmms: ME N ) were estimated according to NRC
(1996). 'tletabolizable energy intake (MET) was calcu-
lated as the stun of I\1F 111 amid \ 1Ev.

At 263 ± 12 d after mnating, cows were tran sferred to
pasture for calving. During this period, cows received
initiem'ahized salt, and the ME constmmnptiomi was not mc-
corded After calving, the energy required for gestation.
weights of the gravid uterus, and variation of cow SI3W
were corrected for the actual birth weight . Difference
between initial amid fit oil SB\\' was observed during the
gestation trial. The dail y MEl at zero B\V change for
each cow was est iimiated by regression of BW change oil
(lady MEl.
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There were 5 ionic and 5 female calves in the CC
group: 11-2 Canchuin, 1/4 Sitnmental, 1/4 NL (CSN) and
11-2 Cancliim. ¼ Angus. ¼ NL (CAN): 8 males and 2
females in the NL group, and 4 males and 5 females in
the ½ Angus 11-2 NL (ANL) group. One ANL was born
dead. Male calves were not castrated or implanted.

Lactation. At 17 ± 8.9 ci postpartum. 39 cow/calf
pairs were redistributed iii the individual pens. Cows
were not exposed to hulls during the fall breeding sea-
son in 2006 and consequently, reproductive data were
not evaluated. Cows were fed the same total mixed diet
offered during pregnancy (Table 1). At 38 d of age, corn
silage was fed to calves ad libitum. Cow and calf feeders
were separated physically so that cows had no access to
the feeders used by calves and vice versa, and iiidividii-
al cow and calf intakes were recorded. Animals were fed
twice daily at 0700 and 1500 ii. Dry matter intake was
determined weekly. Orts were collected daily, weighed,
and sampled, and at the end of the trial, a composite
sample per cow was prepared and anal yzed for DM,
NDF, ADF, lignin, ash, ether extract, CP, NDIN, and
ADIN. Cows and calves were weighed in the morning
before feeding every 14 d. Cow BCS was evaluated by
2 trained evaluators.

At the beginning of the trial (first 14 d), daily MEl
was estimated based on NE requirenients for mainte-
nance, according to the NRC (1996) and ME require-
nients for lactation (ME] ) as described by Freetly et
al. (2005).

The DI\l1 of each individual cow was adjusted at 14-cl
intervals to mmirriize change in BW and keep BCS con-
stant. The DM1 was adjusted to zero SBW change dur-
ing lactation as described for the gestation phase.

Milk yields at 42, 98, 126, and 180 d postpartum
were determined using the weigh-suckle-weigh tech-
nique (Cundiff et al., 1974). Before each ineasurenient.
cow/calf pairs were separated for 16 h. Calves were
weighed, allowed to suckle under constant observation,
and then reweighed. This was repeated after the pairs
were separated for another 8 Ii. The daily milk yield
was determined by adding the 16- and 8-h BW chang-
es. At 60 and 150 ci postpartum, calves were removed
for the sanie 16- and 8-li intervals, and each cow was
milked by hand. Samples of each milking were coin-
billed for analysis. To aid in milking, 2 inL of oxytocin
(Ocitocina Forte UCB, JaboticabaL SR Brazil) per cow
per milking was administered. Total milk yield at 190
dof lactation and peak lactation were calculated using
the equations developed by Jenkins and Ferrell (1984).
Total milk solids were determined, and milk samples
were analyzed for fat. protein, and lactose by infrared
spectrophotometry (Bentley Instruments In( , .. Chaska,
MN). Secreted milk energy was estimated using values
of 9.29. 5.47. and 3.95 Mcal/kg for fat, protein, and
lactose, respectively (NRC. 2001).

Individual BW change was used to calculate ME 1 . For
cows that mobilized body tissue, the efficiency of con-
version of mobilized NE to secreted milk was assumed
to be 82.4% (Moe et al.. 1971). Total milk energy se-

creted minus NE from mobilized tissue was assiii ned to
he the energy from diet that was used to produce milk.
The efficiency of conversion of diet. ME to milk was as-
sumed to he 644% (Moe et al.. 1971). The ME was
calculated as the difference between total MET adjusted
for zero BW change and ME 1 froiii diet

Calves were slaughtered at weaning (190 + 11 ci),
and retained energy (RE) was calculated as the differ-
ence between body energy at weaning aiid at birl li. The
body composition and performance data of the calves
are not presented in this iiiaiimiscnipt . Two variables of
cow/calf efficiency were calculated and anal yzed: gross
efficiency. defined as calf 13W gain divided b y total ME
consumed by cow and calf from 17 to 190 d after calv-
ing; and energetic efficienc y, defined as calf RE/cow
and calf MEl.

Pregnant Cows. Cow 13W, BW change, BCS,
gestation length. MEl and ME requireiiieiit data were
analyzed by ANOVA using the GLM procedure (SAS
Inst. Inc., Cary, NC). Percentage Bos taurus of the cow
was included as a fixed effect and calf B\V at birth as
a covariate. Sex of calf and its interaction with cow
Bus taurus percentage were also tested when gest.at ion
length was analyzed. The ]]lteracta)1i was not signifi-
cant and was deleted froni the model.

Lactating Cows. Data collected during the lacta-
tion phase were analyzed by ANOVA. The statistical
iiiodel included cow Bus taurus percentage asafixed
effect and average BCS as a covariate. Total I\IEI by
cows and by cow/calf pairs during lactation trait and
gross and energetic cow/calf efficiency were analyzed
by ANOVA for 3 mating svstenis: straightbred NL
(NL/NL pair). NL cows suckling ANL calves (NL/ANL
pair), and ANL or SNL cows suckling crossbred calves
(CC). Those Angus (n = 6). Simmental (n = 8), and
NL (n = 7) bulls cited above were classified individu-
ally and included in the model to evaluate the sire of
cow effect on cow and cow/calf traits: the effect was not
significant and it was omit ted from the mocic'l.

Tukey's test was used to compare the means of B\V.
BIN' change. BCS. gestation length, milk production,
milk composition, and energ y requirements. Orthogo-
nal contrast for breed type was included to compare the
means between ANL and SNL cows. Tuke y 's test was
used to compare mating system means, and orthogo-
nal contrast for breed cross was included to compare
cow/calf MET and cow/calf efficienc y between ANL
cows suckling CAN calves and SNL cows suckling CSN
calves. Cow BW at the beginning of the trial and at
weaning were analyzed using paired t-test procedure.
(SAS lust. Inc.) to evaluate the difference between ini-
tial and final BW.

RESULTS AND DISCUSSION

Gestation Requirements

The 50/ B. taurus cows were heavier (P < 0.01 Ta-
ble 2) than OX B. taurus cows. Body weight change (P
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Table 2. Least squares means (±SE) of cow shrunk BW. BCS, gestation length, and
energy requirements of pregnant cows from 189 to 263 tI after mating with varying IJos
fov r toi percentage (0% Nellore or 50% Angus or Siinmental x Nellore)

MUMN

Initial shrunk 13W. kg
Final sluonik I	 kg
Average 13W glut. kg
Average shrunk 13W. kg
Average 13CS
Gestation length. 9
Cow ME1: 1 Meal /d
('ow I\IEI: 1 kcal-kg '' ii/'
Cow ME,:' kcul'kg '/d
( 'ow ME. kcal-kg '''/9

/lOs Oi fri/s )i'rci'Ut an

(I

162 ± 11	 521 ± 10
.177	 11	 540 ± II

13 ± 3.5	 16 ± 3.1
171 ± 11	 537 + II
5.3 ± 0.1	 5.5 ± (LI
291 ± 1.7	 288 + 1.6
15.6 ± [1.2	 17.6 ± 0.2

57 ± 1.9	 161 + 1.9
119 1 1.9	 125 ± 1.8

37.7 ± 1.4	 36.3 ± 1.4

Meal) square	 eoiit root
for hreu I tvpi'

	

P-value	 NLs x Nl,c	 .\NL x SNL

	

<0.01
	

47(1
	

1.565

	

<0.01
	

4.7
	

1:155

	

0.88
	

571	 1.8

	

<0.1)1
	

:192
	

71

	

0.23
	

0.02
	

0.54

	

0.2S
	 (j44***	 68f

	

<0.01
	

0.002
	

2.98/

	

0.20
	

33
	

41)

	

0.07	 .10
	

229

	

0.51
	

11.56
	

61.1.7

N Es >< N I.e = s raightlus'd Nellore cow and calf vs. Nellore co y suckling crossljrcd calf: AN L x S.M. =
Angus x Ni 'here vs. Sinunetit of x ,Nellore cow.

2BCS on a 1 to 9 scale.
1 Dailv ME intake for zero 11W change (est.i mated from regression, within cow /h.BW on \ I
h I E require, ucuit for maim ,te,la,,cu.

'M E!' re(i ii remiient For couas'pt us.
555 P < ((001: 5 P < 0.05: tP < ((IlL

= 0.88) and BCS (P = 0.23) were not differeiit between
cow groups. When calf B. taicras percentage effect, was
considered. NL cows mated to NL bulls had greater
gestation length (296 ± 1.7 d: P < 0.01) than NL cows
mated to Angus hulls (283 + 1.5 ci). Paschal et al.
(1991) and Browning et al. (1995) reported that Bat in-
dicta-sired calves had longer gestations compared with
Bos /,awrits-sired calves. Gestation length was not dif-
ferent (P = 0.23) for male and ferriale animals. Gregory
et a]. (1978) reported sex of calf differences, in which
male calves averaged 1.3 cl longer than females. Pas-
chal et al. (1991) observed interaction of breed of sire
and sex of calf for gestation length. but that interac-
tion could not he Statistically evaluated in the present
study. Birth weight of calf (36 + 2.2 for NI_ 33 + 1.8
for ANL. and 41 + 1.2 kg for CC calves) was positively
related (P = 0.03) to gestation length. A positive rela-
tionship between gestation length and 11W at birth has
been reported (Andersen and Phun. 1965). Reynolds et
al. (1980) reported that for each i-d increase in gesta-
tion length, BW at birth of the calf increased by 0.25
to 0.30 kg.

The estimated dail y MEl (Mcal/d) for zero maternal
BW change was different (P < 0.01) between 0 and
50% B. tu'uy'u.s cows, but when it, was anal yzed in rela-
tion to the metabolic hotly size (kcal-kg ()., "d I), it did
not differ (P = 0.20; Table 2) between breed types.
Requirenient.s for maintenance were approximately 5%
less (P = 0.07) for the 0% than for the 50% B. ta'uru.t
group: 119 ± 1.9 vs. 125 ± 1.8 heal of ME.kg<h1.d<, re-
spectively. Ferrell et a]. (1976) obtained similar require-
menl,s with pregnant. Hereford heifers (118.5 to 120.7
kcal-kg I71.dI 1), which were not significantly different
from nonpregnant heifers (112.3 kcal'kg ' " .d'). In this
study. Sirnmental crosses (128 ± 2.5 kcal'kg tt ''(1 .1)

had greater (P = 0.05) ME,,, than ANL (121 + 2.3

kcal'kg'°.d 1) cows. I\Iont.ano-Berinuclez et al. (1990)
recorded that pregnant cows from breeds with high and
medium milk production had greater ME 1 than cows
with low milk production potential. Ferrell et al. (1976)
estimated daily heat production by the liver, heart,
arid kidney froni pregnant and nonpregnant heifers and
did not observe differences between those groups. They
concluded that pregnancy had little effect upon ma-
ternal utilization of ME in heifers. Smith and Baldwin
(1974) observed significant differences between preg-
nant-nonlactating and nonpregnai it-itoitlactat ing COWs

iii heart and mamniarv gland weights. Milk produc-
tion potential of different breed t ypes seems to affect
maintenance requirements during pregnammcv. Charges
occurring in the mammary s ystem may be additional
requirements of pregnancy (J. 0. Sanders, Texas A&_-_.\l
University, College Station, TX: personal ('immca
tion). Mannnary gland development during pregnancy
varied between 55.8 and 100% of total rnannna.rgland
(Dijkstra et al., 1997). In this stud y, energy require-
nients for mammary tissue are included in maintenance
requirements of pregnant cows.

Pregnancy requirements were not different (P = 0.51:
Table 2) between 50 and 0% B. fumirus cows evaluated
from 189 to 263 d after mating. Ferrell and .Jenkins
(1985) estimated the total annual requirements for 4
different cow types and suggested that the variation in
energy requirements for gestation and lactation amnotig
breed types appeal' to be small relative to variation in
maintenance i'eqniremnents.

Lactation Requirements

The 50% B. taurus cows were heavier (P = 0.05)
than 0%. B. taw -us cows (Table 3). Within the 50% B.
taurus group. ANL cows weighed less (P < 0.01) than
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Table 3. Least squares means (+SE) of COW shrunk BW. BCS. milk production. milk composition. and energy
requirements of cows from calving to 190 d in milk, with varying Bos taurus percentage (0V Nellore or 50% Angus
or Simnieiital x Nellore)

I3os tü ul u.s percent age
	 S lean square - contrast for breed type'

Variable

Initial shrunk BW. kg
Final shrunk B\V. kg
Average BW gain, kg
Average shrunk BW. kg
Average BCS'
Milk viekl. kg (190 d in nnlk)
Peak milk yield. kg/d
["at, %
Protein. Yr
Lactose, Y.
Dried extract. %
Milk energy secreted. Mcal
Milk energy. Meal/kg of DM
Cow MET.' Mcal/d
Cow MEl.' kcal.kg'/d
Cow ME N ,,' kcal-kg( 1,75m

Cow ME,. kcalkg 4' ' /nl

484 ± 10
503 + 9

19 + 5.9
494 + 10
5.0 + 0.02
828 ± .16
5.8 + 0.3
5.7 + 0.2
3.9 + 0.1
4.6 ± 0.1

15.5 + 0.2
761 + 43

5.97 + 0.04
20.4 ± [(.4
195 ± 3.0
131 + 3.5

65.4 + 3.6

In

515 ± ()
535 1 9
20 ± 5.8

522 + 9
5.1 + 0.02

1.244 + 45
8.6 ± 0.3
5.1 + [1.2
3.1 + (Li
1.1 + 0.1

14.0 ± 0.2
1.030 + 42
5.96 + (1.1)4
24.9 + 0.4
229 ± 2.9
145 + 3.4

81.9 ± 3.5

NLs x Nl,c

21)
622
386
262

0.004
64.072

(1.006
0.90
0,02
0.01
1.1

13.652
0.031
2.3

322
4.7

37(1

.iNI. x SNL

13.711
12.709**

18
17,180*5

[1.04
3.5.780

5.03f
((.1))
(1.07
0(1:3
0.6

49.231
0.001

11.9
67

157
35

0.03
0.02
0.98
0.05
0.11

<0.01
<0.01

0.03
<[1.01

0.15
<0.01
<0.01

0.87
<0.01
<0.01
<0.01
<0.01

'NLs x NLc = straightbred Nellore cow and calf vs. Nellore cow suckling crossbred calf: ANL x SNI. = Angus x Nellore vs. Si,iuoenial x
Nellore cow.

2BCS on a 1 to 9 scale.
'Dail y ME intake for zero 13W change (estimated from regression, within cow YB\V on .ME!).
'ME requirement for maintenance.
ME requirement for lactation.

< 0.01: 5 p < 0.05; 1 11 < 0.10.

SNL cows (488 ± 12 vs. 550 + 11 kg). The 501/c, B. tau-
rus cows had greater (P < 0.01) total milk production
(190 d in milk) and peak milk yield than 0% B. taurus
cows (Table 3). Cruz et al. (1997) also reported less
milk production for Nellore compared with Cancluni
cows. Reynolds et al. (1978) observed 16% greater milk
production for cows suckling crossbred than straight-
bred calves. Cartwright and Carpenter (1961) observed
that crossbred calves tend to nurse more frequently
than straighthred calves, which call greater
milk production. However. in this stud, the milk pro-
duction of 0% B. taurus cows was not affected by sire
breed. This result agrees with previous studies evaluat-
ing Nellore cows suckling Nellore or B. taurus x NL
calves (Espasandin et al., 2001: Restle et al.. 2003) and
suggests that milk production potential is limited in NL
cows when producing crossbred calves.

Although 0% B. tam-us cows had decreased milk
production compared with 50% B. taurus cows, milk
fat content was greater (P = 0.03; Table 3). Several
studies reported that Zebu cows have greater fat amid
protein content. The negative correlation between milk
pro(luiction and fat content has been reported in pre-
vious studies (Cruz et al., 1997; Restle et al.. 2003).
Calcgare et al. (2007) observed greater milk produc-
tion and decreased fat content for 50% B. taurus cows
(ANL. SNL) than NL (1.072 kg and 3.6 to 4.0% vs. 672
kg and 4.9% for 180 ci in milk). Milk protein percentage
and dried extract were also greater (P < 0.01) for 0%
B. taurus cows than for 50% B. taurus cows (Table 3).

Restle et al. (2003) observed that NL cows had greater
concentrations of all milk components compared with
Charolais COWS.

Cows with 504 B. taurus had greater (P < 0.01;
Table 3) daily ME requirements than 0% B. taurus
cows. Calegare et al. (2007) reported a significant liii-
ear effect of B. taurus percentage increasing total milk
production and dailyMET for cows with 0, 31.5. and
50% B. law-us breed t ype. In that study. daily MEl
increased from 205 kcal-kg - "d for NL cows to 229
kcal . kg 75. for 50% B. taw-us (ANT., SNL), and time
intermediate B. taurus percentage consumed 216 kcal
of ME . kg' 0.75 d Crossbreeding systems, particularly
with European breeds, increase the genetic potential
for weaning weight. In addition, continued selection for
growth has resulted in heavier mature BW arid greater
milk production potential. Greater potential for growth,
mature MV, and milk production are accompanied by
increases in nutrient requirements for maintenance
and lactation (Cundiff et al.. 1983'.Jenkins and Fer-
rell. 1983), which may be greater than improvements
in pl'odlmcti\'ity.

Change in cow size does not have the same impact
on energy requirements as a change in milk product ion
(Prichard and Marshall. 1993). In this stud y. 50Y B.

tauru.9 cows were heavier than 0% B. taurus cows. The
filET (kcal-kg c .d) was not different during preg-
nancy (P = 0.20: Table 2); however, during lactation,
50% B. taurus cows had 15% greater (P < 0.01: Table
3) MEl than 0% B. tam-us cows. McMorris and Wilton
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(1986) observed significant differences ill MEl between
Hereford and Siiiiinetital cows during lactation. which
were correlated to milk production and mature size dif-
ferences between breeds. Montano-Bermudez and Niels-
en (1990) evaluated cows of similar mature size and
reported 10 and 12V greater energy requirements for
cows with medium and high milk production potential
relative to I hose with low potential for milk. Ferrell and
.Jenkins (1984) estimated maintenance requirements of
mature nonpregnant, nonlactat big cows from (lifferc]lt
breed types characterized by low (Angus x Hereford
and Charolais x Angus/Hereford) and higli milk pro-
duction potential (Jersey x Angus/Hereford and Sim-
mental x Angus/Hereford). Energy reqiiircmiiemits fbr
zero MV/energy change tended to he greater for cow
types with greater potential for milk production. Re-
sults from Montano-Berminidez et ad. (1990) indicated
that variation ill 	 production explained 23X of the
variation ill 	 requirements for maintenance.

The increased ME 1 , of •50V B. tauruz cows was about
10 1/ (P < 0.01: Table 3) compared with 01/ B. tauru,',
cows. The ME 	 pregnant cows was less than those
ill but the ratio between the requirements
of 0 and 50W B. Ianru.s breed type was similar. The
MEN, of pregnant cows was 91 and 86/ of those during
lactation for (l/ B. taurus and for 50 B. taurus cows.
respectively. i\lontaño-Berniiudez et al. (1990) reported
that the maintenance requirements ill gestation were 73
to 83/ of those ill lactation. Those values are expected
to vary with stage of gestation (Ferrell et al., 1976) and
amount of milk produced (luring lact at ion.

The lactation req uiueunent was greater (P < 0.01) for
50V B. taurus than for 0/ B. taurus cows (Table 3). In
this study. the same group had greater nulk production
and daily MET. Armstrong et al. (1990) reported that
the largest and heaviest milking cows consumed the
most feed and weaned the heaviest calves. The nutri-
tion requirements of cows for lactation and fetal (level
opment are directl y proportional to milk production
and the B\V of the calf at birth (Har grove. 1993).

Jenkins and Ferrell (2007) evaluated ilif!ere uces
munong breed t ypes of cattle for B\V niaintaim ied per
muiit of DM1 and the effect of feed rate oil 	 stasis.
The results showed all between breed and
nutrition level. Ferrell and Jenkins (1993) reported that
the predicted heat production of Hereford cows became
greater than for Siunnental at the greatest dail y Di\lI
allowance. Thus, the most efficient breed iii restricted
nutritional environments may not have the best perfor-
niance ill unrestricted nutritional situation. Howev-
er. when the nutritional environment is limited, breeds
with greater energy requirements could have the worst
perforniance. When nutrients are Scarce and there are
periods of underfeeding leading to 13W fluctuations, de-
crease ill requirements during specific phases of
the cow product.ioii ('vcle could be a strategy to reduce
feed costs (Erectly et al.. 2000. 2005). Freetiv et ad.
(2000) reported that neither fertility nor I3\V of calf
were negatively affected when cows were managed for

hunted l3\V gaul during inid-puegniaiicy followed by
rapid MV gain (luring late pregummcy.

Cow/Calf Efficiency

Calf' performance amid bod y composition
are heimig reported ill a separate manuscript (Cale-are
et al., 2009). The SOY B. tuuru.s cows had greater (P
< 0.01) total MEl than OW, B. taurus cows (Table 4).
\Vithimi 50Y B. taurus cows. SNL cows had greater
(4.119 ± 82: P = 0.03) total MET than ANL cows (4.188
± 82 Meal). The dail y MET b y ('ow/calf pair was less (P
= 0.06: Table 4) for straight hi'ed NL than for NL/ANL
and crossbred cow/calf pairs. The difference between
stu'aightbred Nb and NL/ANL pairs corresponds well
to the greater amount of silage consumed by ANT, com-
pared with NIL calves (Cahegare et al., 2009). The SNL/
CSN pair had greater (4.732 + 72: P = 0.01) total MET
than ANL/CAN cow/calf pail's (4,460 ± 73 '\cal).

The NL/ANL pairs had the greatest gross ef'fic'ien-
cv ( P = 0.03: Table 4) compared with crossbred and
straightbre(l cow/calf pairs. The crossbred ('ow/calf
group conisumiued 1-1'/( more ME compared with NL/
ANT, pairs, whereas calves from crossbred cows had
5V more BW gain ill prewealliuig period than ANL
calves. The greater BW gain of the CC calves was in-
siifficiemmt to compensate for their greater MET. Howev-
ci'. the performnauice of calves from A NL and SNL cows
N 30Y greater than t he BW gain of NL calves. In
this comparison, greater gains of the calves more than
compensated for the greater MEl of crossbred cow/calf
pairs when compared with st raighitbu'ed NL.

('ow/calf efficiemicv is a comnhiuiation of the feed en-
ergv requmiu'emmient of the cow and thie calf and calf' BW
or energy gain. The results of the preseult study have
shown 1111 advantage for groups where cows have de-
creased eulem'gv requirements. However, greater genetic
growth potential is required ill postweaunuig enterprises
(Jenkins et ad.. 2001)). The success of beef prodi ict ion
depends oil the combination between breed types elm-
sell for the appropriate nutrition level (Imurimig the cow/
calf and the growi ig-fimiushung periods.

Nellore st raighthred pairs lund decreased (P < 0.01:
Table 1) emierget ic efficienc y (kcal of RE/I\ [cal of MET
by cow/calf pair) compared with NL/ANL and cross-
bred cow/calf pairs, which had around 30 and 34/
greater RE than NL calves, respectively. The greater
13W gain of CC calves and the (liff('m'emmce ill coin-
position between CC and Nb calves were more than
('li( mgi i to compensate fort he greater METEl (if NL / AN L
and crossbred cow/calf pairs. The ANL/( 'AN pairs
had decreased MEl and around 11Y greater (P = 0.12)
energetic efficiency than SNL/CSN pairs: 103 ± 4.8
vs. 92 ± .1.8 kcal/Mcal. respectivel y. Calegare et ad.
(2007) reported greater energetic efficiency for ANT./
CAN pail's counpare(l wit hi SNL/CSN pan's (102.6 ±
5.3 vs. 80.7 ± 6.1 kcal/f\lcah). In this stud y. Continen-
tal crosses had 6Y greater energy requirements and 6/
less RE ill 	 v body of calves compared witIi flmitisli
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Table 4. Least squares means (±SE) of energy requirements and cow/calf efficiency front calving to 190 d in milk
for the 3 mating systems

Variable

Cow total NIET' Meal
Cow/calf total AIEL I Mcal
Cow/calf MET, Mcal/d
Gross efficieucy/ g/Mcal
Energetic efficiency." kcal/\Ical

Mating sviti'iih'

ri&rnr

	

:1.18 . 1 ± 86"	 3 . 600 ± 91'	 4.319 ± (ii	 <0.01

	

3,757 ± 78	 3,970 ± 83'	 4.591 ± 56"	 0.07

	

21.6 + 0.4	 22.9 + 0.5t, 	 + 0.3	 0.06

	

35.1 + 1.5	 15.3 ± 1.6	 410 ± 1 . 0 ! 	0.03

	

78 + .1.9"	 107	 5.1	 97 ± 3.5"	 <:0.01

Contrast for bleedI rross

ANL x SNI.

339.1)45<
366.9Iiti*

5.9-1
59 1

'Within a row. 11110115 vitboui. a Coflhli1011 superscript differ.
1 = straiglithrecl Nellore: 2 = Nellore cow mated to Angus bull: 3 = Angus or Simnmnental x Nellore COWS mated I '1 Canchini (5/8 Cl,arolais

3/8 Zebu) bull.
2ANL x SNL = Angus x Nellore vs. Sinmmental x Nellore cow.
'Total ME intake (ME!) by cow from 17 to 191) d postpartum.

4Total MET by cow/calf pair from 17 to 190 d postpartum.
'Cow /call' efliciency = grams of calf BW gain/Meal of total MEl by cow/call pair.
"Cow/calf efficiency = kcal of calf retained energy/Meal of MEl bY cow/calf pair.
**J.) < 0.01: *[) < 0.05.

crosses. Jenkins et al. (1991) reported greater conver-
sion efficiency for Angus/Hereford- and Red Poll-sired
('OWS than for Chianina (large size) and Gelbvieh (large
size and greater milk production). In the present study.
SNL cows had greater (P = 0.01) BW and greater peak
milk yield (9.0 vs. 7.9 + 0.4 kg/d; P = 0.09) than
ANL.

Frisch and Vercoc (1977) considered that the ability
to adapt to the nutritional environment varies among
animals. In tropical grazing conditions, Bos indicus

cattle have more BW gain or less BW loss than Bus

tawrus cattle (Frisch, 1973). While ill a temperate graz-
ing environment. 3/4 Brahman steers consumed less
feed bill had similar BW gain as Herefords (Moran,
1976). Under ad libitum conditions, Bus taurus con-
sumed niore feed and gained BW faster than Bus mdi-

cu.s steel's (Frisch and Vercoe, 1977). Straightbred NL
is adapted to a nutritionally restricted environment: its
lower heat production may he all to reduce
the energy requirements of the breeding herd. Bus tan-
'ins x Bus judicus crosses express maximum heterosis
anti coinplemnentarity effects such as parasite resistance
and tenderness, respectively. Of course, there is no sin-
gle breed capable of offering every positive trait (Green
et al., 1999).

Outputs such as calf weaning weight could he un-
proved by mating systems that exploit, differences be-
tween paternal and maternal lines (Fitzhugh et al.,
1975). Calegare et al. (2007) reported that gross ef-
ficiency was 18% greater for 50% B. taurus cows with
3-breed-cross calves thai! straightbred NL cow/calf
pairs, and the group with greater BW gain/energy tie-
position and medium MEl was the most efficient. Green
et al. (1991) observed that gross cow/calf efficiency was
11% greater for crossbred cows of B. in.dicus x B. tau-
rus than for B. taurus x B. taurus cows. When dif-
ferent crossbreeding schemes were compared and equal
reproductive performance was assumed, the NL/ANL

cow/calf pair showed the greatest gross efficiency in the
conditions of this study.

Inclusion of Bus taurus percentage showed advantag-
es on cow/calf efficienc y compared with st.m'a.ight.hred
Nellore pairs under the conditions of this study. The
decreased energy requirements associated with the re-
duced growth rate from Nellore/Nellore cow/calf pairs
may be profitable when the nutritional environment is
limited. However, evaluation of the whole production
system must consider reproductive rate and post\veali-
ing efficiency and subsequentl y. carcass quality. The
breed t ype data in this stud can be used to paramn-
eterize models for the simulation of beef production
systems. More data for these l.m'eecl t ypes should he oh-
tamed under different, nutritional levels and evaluated
under different economic scenarios.
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